Background: Serum gamma-glutamyltransferase (GGT) has been suggested as a predictor for development of the metabolic syndrome in non-Korean population, but studies in Korean population are scarce. Therefore, we examined the association between serum GGT levels and the incidence of the metabolic syndrome in Korean male offi ce workers.
INTRODUCTION
The common clustering of abdominal obesity, hypertriglyceridemia, low high density lipoprotein cholesterol (HDL-C), high blood glucose level and hypertension is referred to as metabolic syndrome (MetS), which is closely related to an increased risk for type 2 diabetes and cardiovascular disease. Serum gamma-glutamyltransferase (GGT) has been used widely as an index of alcohol intake or liver dysfunction, 2) and has been one of the item as a part of national health checkup program in Korea. Previous studies suggest that GGT is closely related to risk factors for cardiovascular disease, hypertension, type 2 diabetes, and MetS. 3, 4) Recently a cross-sectional study among the Korean population reported an association between GGT, MetS components and insulin resistance. 5) Additionally, elevated GGT concentrations are related to older age, male, smoking and physical inactivity, hypertension, hypertriglyceridemia, and low HDL-C. [6] [7] [8] The role of GGT is maintaining adequate levels of intracellular glutathione and serum GGT has been proposed as a marker of oxidative stress. 9) Serum GGT may be strongly associated with obesity or fat accumulation of liver and contributing to the development of insulin resistance. 10) Recent study showed that high GGT was an independent and early predictor for chronic disorders as well as cardiovascular disease.
11)
Even though there are some cross-sectional studies regarding the association between GGT and MetS, longitudinal studies which can show a temporal relationship are scarce among the Korean population. Therefore, we hypothesized that GGT is a predictor for future development of MetS. We examined the association between GGT within normal range and the development of MetS among MetS-free male Korean workers.
After 4 years, we analyzed the cumulative incidence of MetS in 2009 and investigated on how elevated GGT infl uenced MetS.
METHODS

Study Population
The study population was comprised of male workers who individuals with both laboratory results and questionnaire were considered for this study. We selected only office male workers and excluded 9,374 non-offi ce workers and 1,557 female workers.
We further excluded 1,011 subjects with hepatitis, chronic liver disease, malignancy, and renal failure and 3,305 subjects with MetS or with current medication history for hypertension or diabetes mellitus. Finally, a total of 3,341 with abnormal GGT levels defi ned as GGT of > 63 IU/L were excluded and 15,109 subjects were included for analysis.
Measurements
Health checkup examinations included data on medical history, medication use, health-related behaviors, anthropometric and physical measurements, and blood biochemical measurements.
Body weight was measured with light clothing and without shoes to the nearest 0.1 kg using a digital scale. Height was measured to the nearest 0.1 cm. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. Trained 
Definition of Metabolic Syndrome
MetS was defined using the modified National Cholesterol
Education Program Adult Treatment III 12) as the presence of 3 or more among the following criteria: 1) abdominal obesity; 13) 2) 
Statistical Analyses
The statistical analysis of the data was carried out using 
RESULTS
Clinical Characteristics of the Subjects
Th e basic characteristics of the study subjects are presented in the 15,109 male offi ce workers (Table 1) . Th e average age of the (Table 3) . Th e trend of age, BMI, GGT, triglyceride, SBP, and DBP increased from the first quartile to the fourth quartile (P < 0.001). HDL-C decreased from the fi rst quartile to the fourth quartile (P < 0.001).
Cumulative Incidence and Odds Ratios of MetS According to the 4 Quartiles of Serum GGT
We Values are presented as mean ± SD.
GGT: gamma glutamyltransferase, BMI: body mass index, TG: triglyceride, HDL-C: high density lipoprotein cholesterol, SBP: systolic blood pressure, DBP: diastolic blood pressure. baseline GGT levels and incident MetS was observed (P < 0.001).
The odds ratio of alcohol drinking status was not statistically significant (P > 0.05). The odds ratios of current and past smoking status were higher than non-smoking status (Table 5) .
DISCUSSION
In numerous studies, the relationship between GGT and various diseases such as cardiovascular disease, hypertension and diabetes mellitus was proven to be relevant and henceforth, it was shown to be useful in predicting development of MetS. Unlike MetS-free and a normal range of GGT; the normal range of GGT was divided into 4 quartiles, and the factors that infl uenced MetS were investigated 4 years later. As a result of this study, even though the subjects were within the normal range of GGT, the higher GGT quartiles were shown to have MetS similarly at a higher rate, than the ones in the lower quartiles aft er 4 years of the initial carrying out of the study. Th is suggests that there is a close relationship between an increase of GGT and MetS.
According to the results of the study after 4 years, the incidence rate of MetS in 2009 was 7.4%, which is lower than the result of a study that investigated subjects without MetS after 3 years 14) with 10.72% rate. However, the incidence rate of MetS could have been high as the study investigated 429 subjects, were relatively small number of subjects, and the average age was high with 48.2.
According to the results of each variable of MetS compared
with the serum GGT divided into 4 quartiles, both in 2005 From this research, it is also evident that within a normal range group, the higher GGT, the more risks it has of gett ing MetS.
From this research, it is also evident that within a normal range group, the higher GGT rate, the more risks it has of gett ing
MetS. This shows a close correlation between GGT and MetS, and it would mean even within a range group with a normal GGT without MetS, the higher GGT rate, the more risk it has of gett ing MetS hereaft er.
Rutt mann et al. 17) carried out a cross-sectional and longitudinal study against 163,944 Australians and concluded that GGT is a risk factor for cardiovascular disease and in the highest GGT quartile, the number of people with vascular disease increased 64 percent for males, and 51 percent for females, respectively. In particular, it was confi rmed that GGT is a key dependent variable for the death caused by cardiovascular failure due to chronic heart disease. Kazemi-Shirazi et al. 18 ) also carried out a longitudinal study against 283,438 participants for 12 years, and suggested that even within the normal group, the highest GGT quartile increases the cause of death by 100% and therefore, GGT is a strong factor for long-term survival.
There are not enough records that explain the correlation between MetS and GGT, but the first record shows that the high GGT in a normal scope is an expression of non-alcoholic fatt y liver that is closely related to the deposit of visceral fat and obesity.
11) The second record states that the increase of GGT causes inflammatory reaction and such reaction hinders not only the metabolism of insulin of a liver but also of a number of other organs. 19, 20) Th e third record argues that the increase of GGT results from an oxidative stress and it plays a key role in the revelation of diabetes mellitus and MetS. 21) Th is study is signifi cant that unlike the other cross-sectional studies carried out with only a few numbers of subjects, it was a four-year retrospective cohort research with a large number of subjects. Unlike other studies, the observation of incidence is possible, so it should provide important information on the concentration of GGT and the development of MetS.
The limitation of this study is firstly that it is based on data from medical examinations of only one university hospital and a categorized group, office workers and they cannot represent the whole population. Secondly, the investigations of the factors that can influence GGT and the development of MetS such as the ability of taking drugs, diet habit, and alcohol drinking status and smoking status are inadequate. Th irdly, because serum GGT can increase in the case of subclinical liver disorder, such subjects could have been included in the study. Fourthly, observation period is only four years and needs a long-term observation.
Hence, a more successful research will be achieved if a foothold is gained for a long-term large scale prospective research through a cooperative study between numerous institutions complementing the above-mentioned limitations.
To conclude, the study shows that even in a group without a presence of MetS and the basal GGT at a normal level, the basal GGT belongs to a higher group that has a greater risk of gett ing MetS. Furthermore, it implies that GGT is related to a risk factor of cardiovascular diseases that triggers MetS and an increase of serum GGT can be henceforth a useful factor in predicting the development of MetS.
